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(54) Semiconductor device and process for production thereof 

(57) The present invention provides a semiconduc- 
tor device comprising : 



a semiconductor substrate having semiconductor 
elements, and 

a plurality of wirings formed on the semiconductor 
substrate via an isolation film, 
wherein the wirings are formed in at least one layer 
level so that the region in which the wirings are 
formed is divided into a wiring region of small wir- 
ing-to-wiring distance and a wiring region of large 
wiring-to-wiring distance; a first inter-level isolation 
film is selectively formed in the wiring region of 
small wiring-to-wiring distance and a second inter- 
level isolation film is formed in the wiring region of 
large wiring-to-wiring distance to cover the wirings; 
throughholes are formed only in the second inter- 
level isolation film; and the dielectric constant of the 
first inter-level isolation film is smaller than the die- 
lectric constant of the second inter-level isolation 
film. 

This semiconductor device has a fine multi-layered 
wiring structure of high performance and remarkably 
improved reliability 
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Description 

BACKGROUND OF THE INVENTION 

(i) Field of the Invention 

The present invention relates to a semiconductor 
device and a process for production thereof. More par- 
ticularly, the present invention relates to a fine wiring 
structure of semiconductor device and a process for 
production thereof. 

(ii) Description of the Prior Art 



As the semiconductor elements of semiconductor 
device become finer, the semiconductor device must 
have a finer multi-layered wiring structure. Currently, in 
semiconductor devices having such a multi-layered wir- 
ing structure, there is mainly used, as the inter-level iso- 
lation film, a silicon oxide-based isolation film of 
relatively small dielectric constant and stable quality so 
that the parasitic capacitance between upper-layer wir- 
ings and lower-layer wirings and between adjacent wir- 
ings in the same wiring layer level can be reduced. 

As the semiconductor elements become finer, the 
wiring width and wiring-to-wiring distance of lower-layer 
wirings are made smaller; however, in order to avoid an 
increase in wiring resistance, the wirings in said wiring 
layer level must have a certain cross-sectional area. As 
a result, both the aspect ratio of a wiring (wiring 
height/wiring width) and the aspect ratio between wir- 
ings (wiring height/wiring-to-wiring distance) become 
large. This invites a significant increase in parasitic 
capacitance between wirings, resulting in (1) reduction 
in transfer speed of signal and (2) frequent occurrence 
of cross-talk between wiring layers (occurrence of signal 
noise between adjacent wirings). 

Further, if the inter-level isolation film has a large 
step in the surface, when an upper wiring layer is 
formed, it is impossible to form a fine resist pattern by 
photolithography owing to the shortage of focus margin. 
Even if it is possible, the above-mentioned difference in 
surface level gives rise to (1) the wiring disconnection in 
upper-layer wirings and (2) remaining of unetched wir- 
ing material at the sites of level difference. Thus, the 
inter-level isolation film must have a flat surface. 

In order to avoid the above-mentioned problems 
appearing in a fine multi-layered wiring structure, there 
have been proposed various techniques of using an 
inter-level isolation film of low dielectric constant. An 
example of such techniques is a technique disclosed in 
Japanese Patent Application Laid-Open No. 
55913/1996. This technique is described below with ref- 
erence to Fig. 7 and Fig. 8, both of which are sectional 
views showing the key production steps of the wiring 
structure used in the technique. 

As shown in Fig. 7(a), a thick isolation film 101 is 
formed on a semiconductor substrate. On the thick iso- 
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lation film 101 are formed a metal layer 102 and a first 
dielectric layer 103 in this order. On the first dielectric 
layer 103 is provided a resist mask 104. The first dielec- 
tric layer 103 is a highly reliable isolation film made of 
5 silicon oxide or the like. 

Then, the first dielectric layer 103 and the metal 
layer 102 are subjected to reactive ion etching (RlE) by 
using the resist mask 104 as an etching mask. Thereaf- 
ter, the remaining resist mask 104 is removed. Thus as 
10 shown in Fig. 7(b), wirings 1 05 of small wiring-to-wiring 
distance and wirings 106 of large wiring-to-wiring dis- 
tance are formed on the thick isolation film 101 . 

Next, as shown in Fig. 7(c), a low-dielectric con- 
stant material 107 is applied so as to cover the whole 
is surfaces of the thick isolation film 101 , the wirings 105 
of small wiring-to-wiring distance, the wirings 106 of 
large wiring-to-wiring distance and the first dielectric 
layer 103, followed by levelling of the surface of the 
applied low-dielectric constant material. As the low-die- 
20 lectric constant material 1 07, there is used, for example, 
a dielectric made of a polymer such as Teflon (trade 
mark), Parylene (trade mark) or the like. 

On the whole surface of the low-dielectric constant 
material 107 is formed a hard oxide mask 108 as a 
25 resist layer. Then, the material 107 and the mask 108 
are subjected to selectvie etching. That is. as shown in 
Fig- 8(a), the low-dielectric constant material 107 and 
the hard oxide mask 108 both in the region of wirings 
106 of large wiring-to-wiring distance are removed and 
30 those in the region of wirings 1 05 of small wiring-to-wir- 
ing distance are allowed to remain. 

Next, the hard oxide mask 108 on the region of the 
wirings 105 of small wiring-to-wiring distance is 
removed. As shown in Fig. 8(b), the Isoelectric con- 
35 stant material 1 07 is etched back and removed down to 
a level lower than the upper surface of the first dielectric 
layer 103 by dry etching. In that case, the first dielectric 
layer 103 functions as an etching stopper for the low- 
dielectric constant material 107. Preferably, the low-die- 
40 lectric constant material 107 is not etched down to a 
level lower than the top of the wirings 105 of small wir- 
ing-to-wiring distance. 

Next, as shown in Fig. 8(b). a second dielectric 
layer 109 is formed by deposition on the whole surface 
45 of the resulting material, that is, so as to cover the wir- 
ings 106 of large wiring-to-wiring distance, the first die- 
lectric layer 103 and the etched-back low-dielectric 
constant material 107, then the surface of the second 
dielectric layer 109 is leveled. The second dielectric 
so layer 1 09 is an isolation film made of silicon oxide or the 
like. 

As above, on the thick isolation film 101 formed on 
a semiconductor substrate are formed lower-layer wir- 
ings and inter-level isolation films. In that case, a highly 
55 reliable isolation film made of silicon oxide or the like is 
formed in the region of large wiring-to-wiring distance, 
and a low-dielectric constant material is filled in the 
region of small wiring-to-wiring distance. 
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In forming a multi-layered wiring structure (this is 
not mentioned in the above literature), it is necessary to 
connect the lower-layer wirings formed by the prior art, 
with upper-layer wirings. In that case, as shown in Fig. 
8(c), throughholes 1 1 0 and 1 10a are formed on a wiring 5 
106 of large wiring-to-wiring distance and" a wiring 105 
of small wiring-to-wiring distance, respectively. Into the 
throughholes 1 1 0 and 1 1 0a are formed metal plugs 1 1 1 
and 111a, respectively, and the lower-layer wirings and 
the upper-layer wirings are electrically connected with w 
the metal plugs. 

In the prior art as mentioned above, an isolation film 
of low-dielectric constant is selectively formed in the 
region of small wiring -to-wiring distance, of the wiring 
structure of semiconductor device. In this prior art, etch- is 
ing back of low-dielectric constant material 107 is nec- 
essary as mentioned with respect to Fig. 8(b). However, 
in the etching back, the etching-back depth of low-die- 
lectric constant material is very difficult to control. It is 
also difficult to improve the uniformity of etching-back 20 
depth in a semiconductor wafer. Therefore, it is difficult 
to apply the prior art to production of a semiconductor 
having a fine wiring structure or using a semiconductor 
wafer of large diameter (e.g. diameter of 12 in ). 

In the prior art, a first dielectric layer 103 and a sec- 25 
ond dielectric layer 109 are formed on or above both 
wirings 105 of small wiring-to-wiring distance and wir- 
ings 106 of large wiring-to-wiring distance. That is, no 
low-dielectric constant material 107 is formed on these 
wirings. Therefore, throughholes can be formed on 30 
these wirings. However, if mask alignment is deviated 
form the predetermined position as shown in Fig. 8(c) in 
the photolithography employed for throughhole forma- 
tion, the low-dielectric constant material 107 is also 
etched in the region of wirings 105 of small wiring-to- 35 
wiring distance. When the low-dielectric constant mate- 
rial 107 is made of a polymer having a relative dielectric 
constant of 3 or less such as mentioned in the above- 
cited literature, the throughhole 110a formed in the 
region of wirings 105 of small wiring-to-wiring distance 40 
has a very disadvantageous shape. That is, the 
throughhole extends even to a direction perpendicular 
to the throughhole axial direction and comes to contain 
a void, whereby formation of a reliable metal plug 111a 
is difficult and the resulting semiconductor device has 45 
significantly reduced reliability. 

SUMMARY OF THE INVENTION 

The objects of the present invention are to provide so 
a simple process for stably forming a fine wiring struc- 
ture of semiconductor device; a fine multi-layered wiring 
structure of high performance and high reliability, of 
semiconductor device; and a process for forming such a 
fine multi-layered wiring structure. 55 

According to the present invention, there is pro- 
vided a semiconductor device comprising: 
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a semiconductor substrate having semiconductor 
elements, and 

a plurality of wirings formed on the semiconductor 
substrate via an isolation film, 
wherein the wirings are formed in at least one layer 
level so that the region in which the wirings are 
formed is divided into a wiring region of small wir- 
ing-to-wiring distance and a wiring region of large 
wiring-to-wiring distance; a first inter-level isolation 
film is selectively formed in the wiring region of 
small wiring-to-wiring distance and a second inter- 
level isolation film is formed in the wiring region of 
large wiring-to-wiring distance to cover the wirings; 
throughholes are formed only in the second inter- 
level isolation film; and the dielectric constant of the 
first inter-level isolation film is smaller than the die- 
lectric constant of the second inter-level isolation 
film. 

According to the present invention, there is also 
provided a semiconductor device comprising: 

a semiconductor substrate having semiconductor 
elements, and 

a plurality of wirings formed on the semiconductor 
substrate via an isolation film, 
wherein the wirings are formed in at least one layer 
level so that the region in which the wirings are 
formed is divided into a wiring region of small wir- 
ing-to-wiring distance and a wiring region of large 
wiring-to-wiring distance; a first inter-level isolation 
film is selectively formed in the wiring region of 
small wiring-to-wiring distance, a second inter-level 
isolation film is formed in the wiring region of large 
wiring-to-wiring distance to cover the wirings; and a 
third inter-level isolation film is formed so as to 
cover the first inter-level-isolation film and the sec- 
ond inter-level isolation film; throughholes are 
formed only in the second inter-level isolation film 
and the third inter-level isolation film; and the die- 
lectric constant of the first inter-level isolation film is 
smaller than the dielectric constants of the second 
inter-level isolation film and the third inter-level iso- 
lation film. 

In each of the above semiconductors, it is prefera- 
ble that the isolation film on the substrate is dented at 
the surface areas corresponding to the wiring region of 
small wiring-to-wiring distance but not covered by the 
wirings of the region and the resulting dents are filled 
with the first inter-level isolation film. 

In each of the above semiconductors, the first inter- 
level isolation film is constituted by an organic film, an 
organic SOG film, a polyimide film, a porous inorganic 
SOG film having a density smaller than that of silicon 
oxide film, a porous organic SOG film, or a porous 
organic film, and the second inter-level isolation f flm is 
constituted by a silicon oxide film or a silicon oxynitride 
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film. 

In each of the above semiconductors, when the wir- 
ings are formed in a multi-layered wiring structure both 
the lower layer and the upper layer have the ahnv e - 
mentioned wiring structure. 5 

According to the present invention, there is also 
provided a process for producing a semiconductor 
device, which comprises: 

a step of forming a plurality of wirings on a semicon- 10 
ductor substrate via an isolation film so that the 
region in which the wirings are formed is divided 
into a wiring region of small wiring-to-wiring dis- 
tance and a wiring region large wiring-to-wiring dis- 
tance, and forming thereon a first inter-level is 
isolation film so as to cover the wirings and then a 
protective isolation film in this order, 
a step of selectively removing the first inter-level 
isolation film and the protective isolation film 
present on and in the wiring region of large wiring- 20 
to-wiring distance, 

a step of forming, by deposition, a second inter- 
level isolation film on the whole surface of the 
resulting material and then subjecting the second 
inter-level isolation film to chemical mechanical pol- 25 
ishing with the protective isolation film used as an 
etching stopper, to obtain a flat surface, and 
a step of forming throughholes only in the second 
inter-level isolation film. 

In the above process, the dielectric constant of the 
first inter-level isolation film is smaller than the dielectric 
constant of the second inter-level isolation film and the 
protective isolation film is more resistant to the chemical 
mechanical polishing than the second inter-level isola- 35 
tion film. 

According to the present invention, there is also 
provided a process for producing a semiconductor 
device, which comprises: 

40 

a step of forming a plurality of wirings on a semicon- 
ductor substrate via an isolation film so that the 
region in which the wirings are formed is divided 
into a wiring region of small wiring-to-wiring dis- 
tance and a wiring region large wiring-to-wiring dis- 45 
tance, and forming thereon a second inter-level 
isolation film so as to cover the wirings, 
a step of selectively removing the second inter-level 
isolation film present on and in the wiring region of 
small wiring-to-wiring distance, so 
a step of forming, by deposition, a first inter-level 
isolation film on the whole surface of the resulting 
material, and then subjecting the first inter-level iso- 
lation film to chemical mechanical polishing with the 
second inter-level isolation film used as an etching 55 
stopper to obtain a flat surface, and 
a step of forming throughholes only in the second 
inter-level isolation film. 



In the above process, the dielectric constant of the 
first inter-level isolation film is smaller than the dielectric 
constant of the second inter-level isolation film and the 

Second jntor-jft\/ol *:i : ... _ 
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chemical mechanical polishing than the first inter-level 
isolation film. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig- 1 is a sectional view of a wiring region of semi- 
conductor device, for explaining the first embodiment of 
the present invention. 

Fig- 2 is sectional views showing the major produc- 
tion steps of the first embodiment of the present inven- 
tion. 

Fig. 3 is a plan view of a semiconductor device to 
which the present invention is applied. 

Fig. 4 is a sectional view of a wiring region of semi- 
conductor device, for explaining the second embodi- 
ment of the present invention. 

Fig. 5 is sectional views showing the major produc- 
tion steps of the second embodiment of the present 
invention. 

Fig. 6 is sectional views showing the major produc- 
tion steps of the second embodiment of the present 
invention. 

Fig. 7 is sectional views showing the major produc- 
tion steps of the conventional semiconductor device for 
explaining the prior art. 

Fig. 8 is sectional views showing the production 
steps of the conventional semiconductor device, for 
explaining the prior art. 

In Figs. 1-8; 

1 is a base inter-level isolation film formed on a 
semiconductor substrate; 

1a is a semiconductor chip; 

2 and 2a are each a lower-layer wiring; 

3 is a first inter-level isolation film; 

4 is a protective isolation film; 

5 and 5a are each a second inter-level isolation film; 

6, 16. 1 10 and 1 10a are each a throughhole; 

7, 1 1 1 and 1 1 1a are each a metal plug; 

8 and 8a are each an upper-layer wiring; 

9 is a first inter-level isolation film in upper layer; 

10 and 10a are each a second inter-level isolation 
film in upper layer; 

1 1 is a throughhole in upper layer; 

12 is a metal plug in upper layer; 

13 is a groove; 

14 is a first inter-level isolation film; 

15 is a second inter-level isolation film; 

17 and 18 are each a third inter-level isolation film; 
19 and 104 are each a resist mark; 

101 is a thick isolation film; 

102 is a metal layer; 

103 is a first dielectric layer; 

105 is a wiring in a wiring region of small wiring-to- 
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wiring distance; 

106 is a wiring in a wiring region of large wiring-to- 
wiring distance; 

107 is a low-dielectric constant material; 

108 is a hard oxide mask; and 

109 is a second dielectric layer. 

DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of the present invention are 
described with reference to accompanying drawings. 
Fig. 1 is a sectional view of a wiring region of semicon- 
ductor device, for explaining the first embodiment of the 
present invention. Fig. 2 is sectional views showing the 
major steps employed in production of such a wiring 
region. 

As shown in Fig. 1 , a plurality of lower-layer wirings 
2 and 2a are formed on a base inter-level isolation film 
1 formed on a semiconductor substrate (e.g. a silicon 
substrate). The wirings 2 are formed in a wiring region 
of small wiring-to-wiring distance, and the wirings 2a 
are formed in a wiring region of large wiring -to-wiring 
distance. In the wiring region of small wiring-to-wiring 
distance, the distance between wirings is such that 
brings a noticeable increase in capacitance between 
wirings. This is usually less than 0.5 urn. On the other 
hand, in the wiring region of large wiring-to-wiring dis- 
tance, the capacitance between wirings is not noticea- 
bly large. Where, the distance between wirings is 
usually more than or equal to 0.5 urn. 

A first inter-level isolation film 3 is formed so as to fill 
the spacings between the wirings 2. On the first inter- 
level isolation film 3 is formed a protective isolation film 
4. The base inter-level isolation film 1 is constituted by 
an ordinary silicon oxide film and has a relative dielec- 
tric constant of about 4.2. Meanwhile, the first inter-level 
isolation film 3 is constituted by an organic SOG film or 
the like and its relative dielectric constant is determined 
to be smaller than the relative dielectric constant of the 
isolation film 1. The protective isolation film 4 is consti- 
tuted by an inorganic substance and, as will be men- 
tioned later, functions as an etching stopper for the first 
inter-level isolation film 3. 

In the region of wirings 2a having a large wiring-to- 
wiring distance is formed a second inter-level isolation 
film 5 as an inter-level isolation film. The second inter- 
level isolation film 5 is constituted by an isolation film of 
high moisture resistance and high quality. The film 5 is, 
for example, a silicon oxide film formed by chemical 
vapor deposition (CVD). In the given portions of the sec- 
ond inter-level isolation film 5 are formed throughholes 
6. In each throughhole 6 is filled a metal plug 7, whereby 
electrical connection holds between the metal plug 7 
and a wiring 2a. 

No throughhole is formed in the first inter-level iso- 
lation film 3 made of a low-dielectric constant material 
and the protective isolation film 4 formed thereon. 

An upper-layer wiring structure is formed in a man- 
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ner similar to that used in formation of the lower-layer 
wiring structure. That is, on isolation films such as the 
protective isolation film 4, the second inter-level isola- 
tion film 5 and the like are formed upper-layer wirings 8a 
5 and 8, etc., and an upper-layer wiring 8 is connected 
with the metal plug 7. In the spacings between the 
upper-layer wirings 8 is filled a first inter-layer isolation 
film 9 made of a low-dielectric constant material and, on 
the first inter-level isolation film 9 is formed a protective 
10 isolation film 4. In the region of wirings 8a is formed a 
second inter-level isolation film 10 as an inter-level iso- 
lation film. The second inter-level isolation film 10, simi- 
larly to the second-inter level isolation film 5, is 
constituted by an isolation film of high moisture resist- 
15 ance and high quality. In the given portions of the sec- 
ond inter-level isolation film 10 are formed throughholes 
11. In each throughhole 1 1 is filled a metal plug 12. 

In the above formation of an upper-layer wiring stru- 
cure, the first inter-level isolation film 9 is formed on the 
so second inter-level isolation film 5, and the second inter- 
level isolation film 10 is formed on the protective isola- 
tion film 4. The above constitution may be reversed. 
That is, the first inter-level isolation film 9 may be formed 
on the protective isolation film 4, and the second inter- 
25 level isolation film 10 may be formed on the second 
inter-level isolation film 5. 

As described above, the feature of the wiring struc- 
ture according to the first embodiment lies in that a first 
inter-level isolation film (which is a low dielectric con- 
30 stant isolation film) is formed in each wiring region of 
small wiring-to-wiring distance, a second inter-level iso- 
lation film of high moisture resistance and high quality is 
formed in each wiring region of large wiring-to- wiring 
distance and that throughholes are formed only in each 
35 second inter-level isolation film. 

Next, description is made on the key steps 
employed in production of the above-mentioned wiring 
structure, with reference to Fig. 2. As shown in Fig. 2(a), 
a base inter-level isolation film 1 made of silicon oxide or 
40 the like is formed on a semiconductor substrate. On the 
isolation film 1 is deposited a metal by sputtering, to 
form a metal film. The metal film is an alloy film made of 
aluminum copper (AlCu) or the like and has a thickness 
of about 400 nm. The metal film may also be a lami- 
45 nated metal film made of, for example, Ti, TiN and AlCu. 
Next, the metal film is subjected to fine processing 
by photolithography and dry etching to form lower-layer 
wirings 2 and 2a. The wirings 2 are wirings constituting 
a wiring region of small wiring-to-wiring distance, and 
so the wirings 2a are wirings constituting a wiring region of 
large wiring-to-wiring distance. 

On the whole surfaces of the isolation film 1 and the 
wirings 2 and 2a is formed a low-dielectric constant film, 
for example, by spin-coating, on the whole surfaces, a 
55 coating solution capable of forming an organic SOG 
film. The coating solution is filled over the wirings 2 and 
2a. Then, a heat treatment is applied to heat-cure the 
solution and form an organic SOG film. The organic 
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SOG film has a relative dielectric constant of 3 or less. 
The organic SOG film is subjected to chemical mechan- 
ical polishing (CMP) for levelling, whereby a first inter- 
level isolation film 3 as shown in Fig. 2(a) is formed. The 
first inter-level isolation fiim 3 is controlled so as to have 
a thickness of about 600 nm. 

Next, on the first inter-level isolation film 3 is formed 
a protective isolation film 4. The protective isolation film 
4 is formed by plasma CVD, is made of silicon nitride, 
silicon oxynitride or silicon carbide, and is controlled so 
as to have a thickness of about 50 nm. 

Next, as shown in Fig. 2(b), photolithography and 
dry etching are applied to remove the protective isola- 
tion film 4 and the first inter-level isolation film 3 so that 
the portions of the film 4 and the film 3 both present in 
the region of wirings 2 are allowed to remain. 

Next, a second inter-level isolation film 5 is formed 
by deposition so as to cover the wirings 2a and the pro- 
tective isolation film 4. The second inter-level isolation 
film 5 is formed by plasma CVD using bias ECR, is 
made of silicon oxide, and has a thickness of about 800 
nm. 

Next, the second inter-level isolation film in a Fig. 
2(b) state is levelled by CMP, as shown in Fig. 2(c). In 
this CMP, the protective isolation film 4 functions as an 
etching stopper. That is, by using an abrasive with which 
a silicon oxide film is selectively polished and to which a 
silicon nitride film or a silicon oxynitride film is resistant 
to polishing, the second inter-level isolation film 5 is pol- 
ished selectively and the first inter-level isolation film 3 
is protected from polishing owing to the presence of the 
protective isolation film 4. Further, the protective isola- 
tion film 4 can significantly improve the film thickness 
uniformity of the second inter-level isolation film 5 after 
polishing. 

Next, throughholes 6 are formed in the given por- 
tions of the second inter-level isolation film 5, and a 
metal plug 7 is filled in each throughhole 7. The metal 
plug 7 is formed, for example, by formation of a tungsten 
film by CVD and polishing thereof by CMP. 

Thus, a lower-layer wiring structure is formed. Ther- 
eon is formed an upper-layer wiring structure as men- 
tioned with respect to Fig. 1. The process for formation 
of an upper-layer wiring structure is similar to the above- 
mentioned process for formation of a lower-layer wiring 
structure and, therefore, is not mentioned. 

As the first inter-layer eolation film 3, there maybe 
used a hygroscopic organic isolation film (e.g. a polyim- 
ide film), a porous inorganic SOG film haying a density 
smaller than that of silicon oxide fiim, a porous organic 
SOG film or the like. Or. there may be used an inorganic 
isolation film such as SiOF film, SiBN film or the like. 

One of the features of the wiring structure of the 
present invention lies in that a low-dielectric constant 
isolation film is selectively formed in each wiring region 
of small wiring-to-wiring distance, an inter-level isolation 
film of high moisture resistance and high quality is 
formed in each wiring region of large wiring-to-wiring 



distance and that throughholes are formed only in each 
inter-level isolation film of high moisture resistance and 
high quality. This feature is explained with reference to 
Fig. 3. Fig. 3 is a plan view of a semiconductor device to 
5 which the present invention is applied. 

As shown in Fig. 3, a first inter-level isolation film 14 
(which is a low-dielectric constant isolation film) is 
selectively formed on the given areas of a semiconduc- 
tor chip 1a. Thereby, the parasitic capacitance between 
10 adjacent wirings is reduced and the transfer speed of 
signal is increased. 

Further, a second inter-level isolation film 15 (which 
is an isolation film of high moisture resistance and high 
quality) is formed on an area of the semiconductor chip 
is 1a. Throughholes 16 for connecting a lower wiring layer 
and an upper wiring layer are formed in the second 
inter-level isolation film 15. In each throughhole, a metal 
plug is filled. 

In general, a low-dielectric constant isolation film 
20 has a large thermal expansion coefficient, a small 
strength and high hygroscopy. The hygroscopy 
becomes higher as the dielectric constant becomes 
smaller. 

Therefore, when throughholes are formed in a low- 
25 dielectric constant isolation film, the electrical resist- 
ance of connections between lower-layer wirings and 
upper-layer wirings via these throughholes changes 
with the lapse of time. That is. the reliability of wirings 
decreases largely with the lapse of time. For example, 
30 the electrical resistance comes to increase due to the 
presence of moisture and resulting corrosion of wirings 
communicating with the throughholes or fluorination of 
aluminum metal. Such quality deterioration is more 
striking when the wiring structure has more layers. Due 
35 to such reduction in reliability of wiring structure, the 
dielectric constant of inter-level isolation film are not 
able to be lowered beyond a certain limit. 

In contrast, in the above-mentioned embodiment of 
the present invention, throughholes are formed only in 
40 the second inter-level isolation film of high moisture 
resistance and high quality. Therefore, a multi-layered 
wiring structure of high performance and high reliability 
is made possible. 

Next, description is made on the second embodi- 
45 ment of the present invention. Fig. 4 is a sectional view 
of a wiring portion of semiconductor device, for explain- 
ing the second embodiment of the present invention. 
Fig. 5 and Fig. 6 are sectional views showing the major 
steps employed in production of such a wiring portion. 
so In Figs. 4 to 6, members having the same functions as 
in the first embodiment are shown by the same symbols. 

As shown in Fig. 4, a plurality of lower-layer wirings 
2 and 2a are formed on a base inter-lewel isolation film 

1 formed on a semiconductor substrate. In the surface 
55 areas of the isolation film 1 present between the wirings 

2 are formed grooves 13. The wirings 2 are wirings of a 
wiring region of small wiring-to- wiring distance, and the 
wirings 2a are wirings of a wiring region of large wiring- 
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to-wiring distance. 

A first inter-level isolation film 3 is formed so as to fill 
the gaps between the wirings 2 and the grooves 13. The 
isolation film 1 is constituted by an ordinary silicon oxide 
film. Meanwhile, the first inter-level isolation film 3 is 
constituted by an organic SOG film or the like. 

In the region of the wirings 2a having a large wiring- 
to-wiring distance is formed a second inter-level isola- 
tion film 5a as an inter-level isolation film. The second 
inter-level isolation film 5a is constituted by an isolation 
film of high moisture resistance and high quality which is 
made of an insulating material different from that used 
in the first inter-level isolation film 3. The isolation film 5a 
is, for example, a silicon oxynrtride film formed by CVD. 

A third inter-level isolation film 17 is formed so as to 
cover the first inter-level isolation film 3 and the second 
inter-level isolation film 5a. The third inter-level isolation 
film 17, similarly to the second inter-level isolation film 
5a, is constituted by an isolation film of high moisture 
resistance and high quality. 

In the given portions of the second inter-level isola- 
tion film 5a and the third inter-level isolation film 17 are 
formed throughholes 6. In each throughhole 6 is filled a 
metal plug 7, whereby electrical connection between 
plug and lower-layer wiring 2a is achieved. 

Similarly to the case of the first embodiment, no 
throughhole is formed in the first inter-level isolation film 
3 constituted by a low-dielectric constant isolation film. 

An upper wiring layer is formed in a manner similar 
to that used in formation of a lower wiring layer. That is, 
upper-layer wirings 8a and 8, etc. are formed on the 
third inter-level isolation film 17, whereby electrical con- 
nection between upper-layer wiring 8 and metal plug 7 
is achieved. In the surface areas of the isolation film 17 
present between the wirings 8 are formed grooves 13. 
Between the wirings 8 and in the grooves 13 is filled a 
first inter-level isolation film 9 constituted by a low-die- 
lectric constant isolation film. In the region of the wirings 
8a having a large wiring-to-wiring distance is formed a 
second inter-level isolation film 10a as an inter-level iso- 
lation film. A third inter-level isolation film 18 is formed 
so as to cover the whole surfaces of isolation films 9 and 
10a. The second inter-level isolation film 10a and the 
third inter-level isolation film 18 are each constituted by 
an isolation film of high moisture resistance and high 
quality. In the given portions of the second inter-level 
isolation film 10a and the third inter-level isolation film 
18 are formed throughholes 1 1 . In each throughhole 1 1 
is filled a metal plug 1 2. 

In the above-mentioned formation of an upper wir- 
ing layer, the first inter-level isolation film 9 is formed on 
the second inter-level isolation film 5a, and the second 
inter-level isolation film 10a is formed on the first inter- 
level isolation film 3. The above constitution may be 
reversed. That is. the first inter-level isolation film 9 is 
formed on the first inter-level isolation film 3, and the 
second inter-level isolation film 10a is formed on the 
second inter-level isolation film 5a. 



As described above, the feature of the wiring struc- 
ture according to the second embodiment of the present 
invention lies in that grooves of certain depth are formed 
at the surface areas of each isolation film present at the 

5 bottom of each wiring level, corresponding to each wir- 
ing region of small wiring-to-wiring distance but not cov- 
ered by the wirings of the region. A low-dielectric 
constant isolation film is formed so as to fill not only 
between the wirings of the region but also the grooves. 

io As a result, the parasitic capacitance between adjacent 
wirings due to the fringe effect is greatly reduced. This 
merit is more striking in a finer wiring structure. 

The process for producing the above-mentioned 
wiring structure is described with reference to Fig. 5 and 

is Fig. 6. As shown in Fig. 5(a), on a base inter-llevel iso- 
lation film 1 constituted by a silicon oxide film are formed 
lower-layer wirings 2 and 2a, in a manner similar to that 
mentioned in the first embodiment. The wirings 2 are 
wirings of a wiring region of small wiring-to-wiring dis- 

20 tance, and the wirings 2a are wirings of a wiring region 
of large wiring-to-wiring distance. The wirings 2 and 2a 
have a line width of about 0.3 jim and a height of 0.4 
pm. 

Next, on the whole surfaces of the isolation film 1 , 

25 the wirings 2 and the wirings 2a is formed a second 
inter-level isolation film 5a. The second inter-level isola- 
tion film 5a is a silicon oxynitride film formed by plasma 
CVD, and is levelled by CMP. On the surface area of the 
second inter-level isolation film 5a covering the wirings 

30 2a is formed a resist mask 19. As shown in Fig. 5(b). by 
using the resist mask 19 as an etching mask, the sec- 
ond inter-level isolation film 5a in the wiring region of 
small wiring-to-wiring distance is subjected to aniso- 
tropic etching by RIE. In this case, even part of the sur- 

35 face of the isolation film 1 is etched by RIE and grooves 
13 of the same pattern as the wirings 2 are formed. The 
depth of each groove is controlled similar to the line 
width of wiring 2, Then, the resist mask 19 is removed. 
Next, as shown in Fig. 5(c), on the whole surfaces 

40 of the resulting material is formed a first inter-level isola- 
tion film 3. The first inter-level isolation film 3 is a low- 
dielectric constant isolation film constituted by, for 
example, an organic SOG film such as mentioned in the 
first embodiment. The thickness of the first inter-level 

45 isolation film 3 is controlled at about 600 nm. 

Next, the first inter-level isolation film 3 in a Fig. 5(c) 
state is subjected to CMP for surface levelling, as shown 
in Fig. 6(a). In this polishing step, the second inter-level 
isolation film 5a functions as an etching stopper. That is. 

so by using an abrasive with which the first inter-level isola- 
tion film constituted by an organic SOG film or the like is 
selectively polished and to which the second inter-level 
isolation film constituted by a silicon oxynrtride film or 
the like has abrasion resistance, the first inter-level iso- 

55 lation film 3 is polished selectively. 

Next, as shown in Fig. 6(b), a third inter-level isola- 
tion film 17 is formed on the levelled first inter-level iso- 
lation film 3 and the levelled second inter-level isolation 
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film 5a. The third inter-level isolation film 17 is a silicon 
oxide film formed by CVD and has a thickness of about 
300 nm. Thus, a lower-layer wiring structure is formed 
As the first inter-level isolation film 3, there may be used 
a hygroscopic organic isolation film (e.g. a polyimide 
film), a porous inorganic SOG film having * density 
smaller than that of silicon oxide film, a porous organic 
SOG film or the like. Or, an inorganic isolation film such 
as SiOF film, SiBN film or the like may be used. In these 
cases, a silicon oxide film may be used as the second 
inter-level isolation film 5a. 

Next, as shown in Fig. 6(c), throughholes 6 are 
formed in the given portions of the second inter-level 
isolation film 5a and the third inter-level isolation film 1 7, 
both present in the wiring region of large wiring -to-wir- 
ing distance. In each throughhole 6 is filled a metal plug 
7, whereby electrical connection between metal plug 7 
and wiring 2a is achieved. 

Next, an upper-layer wiring structure as mentioned 
with respect to Fig. 4 is formed. The process for forma- 
tion of an upper-layer wiring structure is performed in 
the similar manner to the above-described process for 
formation of a lower, wiring layer. 

In the second embodiment, each first inter-level iso- 
lation film formed in each wiring region of small wiring- 
to-wiring distance is filled even in the dents formed in 
each isolation film present beneath the wirings of the 
region. As a result, the parasitic capacitance generated 
between the bottom ends of adjacent wirings is 
reduced. 

In the present invention, as the low-dielectric con- 
stant isolation film, there can be used, in addition to 
those films mentioned above in the embodiments, films 
of HSQ (hydrogen silsesquioxane), polyaryl ether, fluor- 
inated polyaryl ether, inorganic polysilazane, organic 
polysilazane, BCB (benzocyclobutene), MSQ (methyl 
silsesquioxane), fluorinated polyimide, plasma CF poly- 
mer, plasma CH polymer, Teflon AF (trade mark), 
Parylene N (trade mark), AF-4 (polyparaxylylene), Poly- 
naphthalene N, etc. 

As described above, in each wiring layer level of the 
semiconductor of the present invention, an inter-level 
isolation film of low dielectric constant is formed in the 
region of small wi ring-to- wiring distance and an inter- 
level isolation film of high moisture resistance and high 
quality is formed in the region of large wiring -to-wiring 
distance; and throughholes for connecting lower-layer 
wirings and upper-layer wirings are formed only in the 
inter-level isolation film of high moisture resistance and 
high quality. 

Further, in polishing and levelling of the first inter- 
level isolation film by CMP, the second inter-level isola- 
tion film is used as an etching stopper. 

As a result, the reliability of connection between 
lower-layer wirings and upper-layer wirings is greatly 
improved and a fine multi-layered wiring structure is 
made possible. Further, the film thickness uniformity of 
the first inter-level isolation 3 on a semiconductor chip is 
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greatly improved. 

Further in the present invention, grooves of certain 
depth are formed at the surface areas of each isolation 

film ni-OCnnl n* lU — - . , 

r-w^wMi at me Duuom or eacn wiring layer, corre- 
sponding to each wiring region of small wiring-to-wiring 
distance but not covered by the wirings of the region, 
and a low-dielectric constant film is formed so as to fill 
not only the spacings between the wirings of said region 
but also the grooves. 

As a result, the parasitic capacitance between adja- 
cent wirings due to the fringe effect is greatly reduced. 
This merit is more striking in a finer wiring structure. 

Thus, there is easily obtained a fine multi-layered 
wiring structure of high performance and high reliability, 
required in a fine and multifunctional semiconductor 
device. 

Claims 

1 . A semiconductor device comprising: 

a semiconductor substrate having semicon- 
ductor elements, and 

a plurality of wirings formed on the semicon- 
ductor substrate via an isolation film, 
wherein the wirings are formed in at least one 
layer level so that the region in which the wir- 
ings are formed is divided into a wiring region 
of small wiring-to-wiring distance and a wiring 
region of large wiring-to-wiring distance; a first 
inter-level isolation film is selectively formed in 
the wiring region of small wiring-to-wiring dis- 
tance and a second inter-level isolation film is 
formed in the wiring region of large wiring-to- 
wiring distance to cover the wirings; through- 
holes are formed only in the second inter-level 
isolation film; and the dielectric constant of the 
first inter-level isolation film is smaller than the 
dielectric constant of the second inter-level iso- 
lation film. 

. A semiconductor device according to Claim 1 , com- 
prising: 

a semiconductor substrate having semicon- 
ductor elements, and 

a plurality of wirings formed on the semicon- 
ductor substrate via an isolation film, 
wherein the wirings are formed in at least one 
layer level so that the region in which the wir- 
ings are formed is divided into a wiring region 
of small wiring-to-wiring distance and a wiring 
region of large wiring-to-wiring distance; a first 
inter-level isolation film is selectively formed in 
the wiring region of small wiring-to-wiring dis- 
tance, a second inter-level isolation film is 
formed in the wiring region of large wiring-to- 
wiring distance to cover the wirings; and a third 
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inter-level isolation film is formed so as to cover 
the first inter- level-isolation film and the second 
inter-level isolation film; throughholes are 
formed only in the second inter-level isolation 
film and the third inter-level isolation film; and 5 
the dielectric constant of the first inter-level iso- 
lation film is smaller than the dielectric con- 
stants of the second inter-level isolation film 
and the third inter-level isolation film. 

10 

3. A semiconductor device according to Claim 1, 
wherein the isolation film on the substrate is dented 
at the surface areas corresponding to the wiring 
region of small wiring-to-wiring distance but not 
covered by the wirings of the region and the result- is 
ing dents are filled with the first inter-level isolation 

. film. 

4. A semiconductor device according to Claim 2, 
wherein the isolation film on the substrate is dented 20 
at the surface areas corresponding to the wiring 
region of small wiring-to-wiring distance but not 
covered by the wirings of the region and the result- 
ing dents are filled with the first inter-level isolation 
film. 2S 

5. A semiconductor device according to Claim 1, 
wherein the first inter-level isolation film is consti- 
tuted by an organic film, an organic SOG film, a 
polyimide film, a porous inorganic SOG film having 30 
a density smaller than that of silicon oxide film, or a 
porous organic SOG film, and the second inter-level 
isolation film is constituted by a silicon oxide film or 

a silicon oxynitride film. 

35 

6. A semiconductor device according to Claim 2, 
wherein the first inter-level isolation film is consti- 
tuted by an organic film, an organic SOG film, a 
polyimide film, a porous inorganic SOG film having 

a density smaller than that of silicon oxide film, or a 40 
porous organic SOG film, and the second inter-level 
isolation film is constituted by a silicon oxide film or 
a silicon oxynitride film. 

7. A semiconductor device according to Claim 1, 45 
wherein the wirings are formed in a plurality of layer 
levels so that at each layer level the region in which 

the wirings are formed is divided into a wiring 
region of small wiring-to-wiring distance and a wir- 
ing region of large wiring -to- wiring distance; a first so 
inter-level isolation film is selectively formed in the 
wiring region of small wiring-to-wiring distance and 
a second inter-level isolation film is formed in the 
wiring region of large wiring-to-wiring distance to 
cover the wirings; through-holes are formed only in ss 
the second inter-level isolation film; and the dielec- 
tric constant of the first inter-level isolation film is 
smaller than the dielectric constant of the second 



inter-level isolation film. 

8. A semiconductor device according to Claim 2, 
wherein the wirings are formed in a plurality of layer 
levels so that at each layer level the region in which 
the wirings are formed is divided into a wiring 
region of small wiring- to-wiring distance and a wir- 
ing region of large wiring-to-wiring distance; a first 
inter-level isolation film is selectively formed in the 
wiring region of small wiring -to-wiring distance, a 
second inter-level isolation film is formed in the wir- 
ing region of large wiring-to-wiring distance to cover 
the wirings; and a third inter-level isolation film is 
formed so as to cover the first inter-level isolation 
film and the second inter-level isolation film; 
throughholes are formed only in the second inter- 
level isolation film and the third inter-level isolation 
film; and the dielectric constant of the first inter- 
level isolation film is smaller than the dielectric con- 
stants of the second inter-level isolation film and the 
third inter-level isolation film. 

9. A semiconductor device according to Claim 7, 
wherein the isolation film on the substrate is dented 
at the surface areas corresponding to the wiring 
region of small wiring-to-wiring distance but not 
covered by the wirings of the region and the result- 
ing dents are filled with the first inter-level isolation 
film. 

10. A semiconductor device according to Claim 8, 
wherein the isolation film on the substrate is dented 
at the surface areas corresponding to the wiring 
region of small wiring-to-wiring distance but not 
covered by the wirings of the region and the result- 
ing dents are filled with the first inter-level isolation 
film. 

11. A semiconductor device according to Claim 7, 
wherein the first inter-level isolation film is consti- 
tuted by an organic film, an organic SOG film, a 
polyimide film, a porous inorganic SOG film having 
a density smaller than that of silicon oxide film, or a 
porous organic SOG film, and the second inter-level 
isolation film is constituted by a silicon oxide film or 
a silicon oxynitride film. 

12. A semiconductor device according to Claim 8, 
wherein the first inter-level isolation film is consti- 
tuted by an organic film, an organic SOG film, a 
polyimide film, a porous inorganic SOG film having 
a density smaller than that of silicon oxide film, or a 
porous organic SOG film, and the second inter-level 
isolation film is constituted by a silicon oxide film or 
a silicon oxynitride film. 

13. A process for producing a semiconductor device, 
which comprises: 
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a step of forming a plurality of wirings on a 
semiconductor substrate via an isolation film so 
that the region in which the wirings are formed 
is divided into a wiring region of small wiring-to- 
wiring distance and a wiring region large wir- 5 
ing-to-wiring distance, and forming thereon a 
first Inter-level isolation film so as to cover the 
wirings and then a protective isolation film in 
this order, 

a step of selectively removing the first inter- 10 
level isolation film and the protective isolation 
film present on and in the wiring region of large 
wiring-to-wiring distance, 
a step of forming, by deposition, depositing a 
second inter-level isolation film on the whole 75 
surface of the resulting material and then sub- 
jecting the second inter-level isolation film to 
chemical mechanical polishing with the protec- 
tive isolation film used as an etching stopper, to fc 
obtain a flat surface, and * 20 

a step of forming throughholes only in the sec- 
ond inter-level isolation film. 



ond inter-level isolation film. 

17. A process according to Claim 16, wherein the die- 

.~ — .i> lC4 . .1 u.c nidi intei -levei isolation mm is 

smaller than the dielectric constant of the second 
inter-level isolation film and the second inter-level 
isolation film is more resistant to the chemical 
mechanical polishing than the first inter-level isola- 
tion film. 

18. A process according to Claim 17, wherein the first 
inter-level isolation film is constituted by an organic 
film, an organic SOG film, a polyimide film, a porous 
inorganic SOG film having a density smaller than 
that of silicon oxide film, or a porous organic SOG 
film, and the second inter-level isolation film is con- 
stituted by a silicon oxide film or a silicon oxynitride 
film. 



14. A process according to Claim 13, wherein the die- 
lectric constant of the first inter-level isolation film is 25 
smaller than the dielectric constant of the second 
inter-level isolation film and the protective isolation 
film is more resistant to the chemical mechanical 
polishing than the second inter-level isolation film. 

30 

1& A process according to Claim 14, wherein the pro- 
tective isolation film is constituted by a silicon 
nitride film, a silicon oxynitride film or a silicon car- 
bide film and the second inter-level isolation film is 
constituted by a silicon oxide film. 35 

16. A process for producing a semiconductor device, 
which comprises: 



a step of forming a plurality of wirings on a 40 
semiconductor substrate via an isolation film so 
that the region in which the wirings are formed 
is divided into a wiring region of small wiring-to- 
wiring distance and a wiring region large wir- 
ing-to-wiring distance, and forming thereon a 45 
second inter-level isolation film so as to cover 
the wirings, 

a step of selectively removing the second inter- 
level isolation film present on and in the wiring 
region of small wi ring-to- wiring distance, so 
a step of forming, by deposition, depositing a 
first inter-level isolation film on the whole sur- 
face of the resulting material, and then subject- 
ing the first inter-level isolation film to chemical 
mechanical polishing with the second inter- 55 
level isolation film used as an etching stopper 
to obtain a flat surface, and 
a step of forming throughholes only in the sec- 
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